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TITLE OF INVENTION 

LENS FORMING METHOD 

BACKGROUND OF THE INVENTION 

Field of the Invention 
5 The present invention relates to a lens forming method 

for forming a lens by compressing an optical material. 

Related Background Art 

For forming lenses having a relatively small diameter, 
O a lens forming method in which a lens is formed by compressing 

SI 10 an optical material using a lens forming mold has been known 

=P hitherto. Following is a description of this conventional 

g 

O lens forming method with reference to Fig. 3. 

O Firstly, in the lens forming mold 101, the optical 

111 

W material 105 with the outside diameter different from the 

Ci 15 outside diameter of an upper mold 102 and a lower mold 103 

m 

is placed between the upper mold 102 and the lower mold 103. 
Then, with the outer peripheries of the upper mold 102 and 
the lower mold 103 being constrained by a trunk mold 104, 
the optical material 105 is compressed between the upper 

20 mold 102 and the lower mold 103, thus forming a lens. 

SUMMARY OF THE INVENTION 

However, in the lens forming described above, when 
the optical material 105 is placed between the upper mold 
102 and the lower mold 103, the optical material 105 may 

25 be shifted away from the central axis O of the lens forming 

moldlOlas shown in Fig. 4, In particular, such misalignment 
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is prone to occur in the case that the diameter of the optical 
material 105 is small at about 0.5 to 20mm. If the optical 
material 105 is compressed in such a misaligned state, then 
it may be that only one side of the lens forming mold 101 
5 is filled with the optical material 105 as shown in Fig. 

4, resulting in it not being possible to form a lens 106 
of the desired shape. 

Moreover, if the optical material 105 is compressed 

CI in a misaligned state as described above, then even if the 

O 

gl 10 lens 106 is successfully formed in the desired shape, there 

will still be a risk of the desired optical performance not 
Q being obtained. 

S With the foregoing in view, it is thus an object of 

III 

ill the present invention to provide a lens forming method in 

SI 

CI 15 which defective lens forming is prevented, and hence a lens 

111 . 

of desired quality can be fomed. 

The lens forming method according to the present 
invention, which is a lens forming method in which an optical 
material is placed between an upper mold and a lower mold, 

20 and then, in a state in which the outer peripheries of the 

upper mold and the lower mold are constrained by a trunk 
mold, the optical material is compressed between the upper 
moldand the lower mold, thus forming a lens, is characterized 
in that the outside diameter of the optical material is 95% 

25 to 100% of the outside diameter of the upper mold and the 

lower mold. 
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According to this invention, by making the outside 
diameter of the optical material be 95% to 100% of the outside 
diameter of the upper mold and the lower mold, movement of 
the optical material in the sideways direction is constrained 
by the trunk mold. When the optical material is placedbetween 
the upper mold and the lower mold, shifting of the optical 
material away from the central axis of the lens forming mold 
can thus be prevented, and hence a lens of desired quality 



ip can be formed. 

CI 

ffl 1° Moreover, the lens forming method according to the 

Ui 

present invention is preferably characterized in that the 

o 

O outside diameter of the optical material is the same as the 

p outside diameter of the iipper mold and the lower mold. 
Ill According to this invention, by making the outside 

O 15 diameter of the optical material be the same as the outside 



diameter of the upper mold and the lower mold, movement of 
the optical material in the sideways direction is constrained 
yet more strictly by the trunk mold. Shifting of the optical 
material away from the central axis of the lens forming mold 
can thus be prevented more reliably, and hence a lens of 
desired quality can be formed. 

Moreover, the lens forming method according to the 
present invention is also preferably characterized in that 
the optical material is spherical. 

According to this invention, because movement of the 
optical material in the sideways direction is constrained 
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by the trunk mold as described above, shifting of the optical 
material away from the central axis of the lens forming mold 
can be prevented, and hence a lens of desired quality can 
be formed. Moreover, by using a spherical optical material, 
5 it becomes easy for the optical material to be filled into 

concave transfer surfaces provided on the upper mold and 
the lower mold without gaps being formed, and hence a lens 
having convex optical surfaces can be formed reliably. 

d Moreover, the lens forming method according to the 

O 

ill 10 present invention is alternatively preferably 

M characterized in that the optical material is disk-shaped. 

O According to this invention, because movement of the 

CI optical material in the sideways direction is constrained 

m 

nj the trunk mold as described above, shifting of the optical 

Q 15 material away from the central axis of the lens forming mold 

can be prevented, and hence a lens of desired quality can 
be formed. Moreover, by using a disk-shaped optical material , 
it becomes easy for the optical material to be filled around 
convex transfer surfaces provided on the upper mold and the 
20 lower mold without gaps being formed, and hence a lens having 

concave optical surfaces can be formed reliably. 

The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
25 illustration only, and thus are not to be considered as 

limiting the present invention. 
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Further scope of applicability of the present 
inventionwill become apparent from the detailed description 
given hereinafter. However, it should be understood that 
the detailed description and specific examples, while 
5 indicating preferred embodiments of the invention, are given 

by way of illustration only, since various changes and 
modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art from this 

O detailed description. 

it 10 BRIEF DESCRIPTION OF THE DRAWING S 

U ' 

=P Fig. 1 is a drawing explaining a lens forming method 

O 

13 according to a first embodiment of the present invention; 

O Fig. 2 is a drawing explaining a lens forming method 

ill 

ftl according to a second embodiment of the present invention; 

HI 

CI 15 Fig. 3 is a drawing explaining a conventional lens 

111 

forming method; and 

Fig. 4 is a drawing explaining misalignment of the 
optical material in the conventional lens forming method. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A description will now be given of embodiments of the 

present invention with reference to the drawings. Note that 
equivalent elements are given the same reference numeral 
in each of the drawings, and redundant repeated description 
is omitted. The ratios of dimensions in the drawings do not 

25 necessarily match the actual ratios of dimensions. 

(First embodiment) 
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Fig. 1 is a drawing explaining the lens forming method 
according to a first embodiment of the present invention. 
Before the lens forming method is described, a description 
will be given of the lens forming mold 1 and the optical 
5 material 5 used in the lens forming. 

As shown in Fig, 1, the lens forming mold 1 is composed 
of an upper mold 2, a lower mold 3 positioned below the upper 
mold 2, and a trunk mold 4 that constrains the outer 

O peripheries of the upper mold 2 and the lower mold 3. 

Q 

ttl 10 The upper mold 2 is composed of a cylindrical trunk 

IaI 

=p part 2a, and a disk-shaped flange part 2b that is provided 

o 

O at an upper end of the trunk part 2a. At a lower end of the 

CI trunk part 2a is provided a concave transfer surface 2c for 

ill 

III pressing against an upper surface of the optical material 

Si 

O 15 5 and hence forming a convex optical surface. 



ITJ 



The lower mold 3 is composed of a cylindrical trunk 
part 3a, and a disk-shaped flange part 3b that is provided 
at a lower end of the trunk part 3a. At an upper end of the 
trunk part 3a is provided a concave transfer surface 3c for 
pressing against a lower surface of the optical material 
5 and hence forming a convex optical surface. The outside 
diameter of the trunk part 3a of the lower mold 3 is the 
same as the outside diameter of the trunk part 2a of the 
upper mold 2 . 

The trunk mold 4 has a hollow cylindrical shape, and 
constrains the movement of the upper mold 2 and the lower 
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mold 3 in the sideways direction. The inside diameter of 
the trunk mold 4 is set as appropriate such that the trunk 
part 2a of the upper mold 2 and the trunk part 3a of the 
lower mold 3 can be pushed into and pulled out of the trunk 
5 mold 4 in the direction of the central axis 0 of the lens 

forming mold 1 without moving in the sideways direction. 

A spherical body is used as the optical material 5. 
The outside diameter of the optical material 5 is made to 

0 be the same as the outside diameter of the trunk part 2a 
m 10 of the xapper mold 2 and the trunk part 3a of the lower mold 

1 3. 

O 

p A description will now be given of the lens forming 

CI method. 

ill 

III First, in an insertion step, with the lower mold 3 

O 15 inserted into the trunk mold 4, the optical material 5 is 

placed on the transfer surface 3c provided at the upper end 
of the lower mold 3, and then the upper mold 2 is inserted 
into the trunk mold 4. In the present embodiment, because 
the outside diameter of the optical material 5 is the same 
20 as the outside diameter of the trunk part 2a of the upper 

mold 2 and the trunk part 3a of the lower mold 3, movement 
of the optical material 5 in the sideways direction is 
constrained by the trunk mold 4. Shifting of the optical 
material 5 away from the central axis O of the lens forming 
25 mold 1 is thus reliably prevented. 

Next, in a heating step, the lens forming mold 1 is 
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heated such that the temperature of the optical material 
5 becomes at least the transition temperature thereof. Then, 
in a compressing step, pressure is applied to one or both 
of the upper mold 2 and the lower mold 3, thus compressing 
5 the optical material 5 and hence forming a lens having convex 

optical surfaces . At this time, because the optical material 
5 is spherical, the optical material 5 is filled into the 
transfer surface 2c provided on the upper mold 2 from the 

Mv 

O center of the transfer surface 2c outwards, and is filled 

O 

ill 10 into the transfer surface 3c provided on the lower mold 3 

M from the center of the transfer surface 3c outwards. The 

O 

O lens having convex optical surfaces can thus be formed 

O reliably without gaps being formed between the transfer 

111 

III surface and the optical material 5. 

Q 15 Next, in a cooling step, cooling is carried out, and 

m 

then in a removal step the upper mold 2 is taken out and 
the formed lens is removed. The lens forming mold lis then 
taken back to the insertion step, and the manufacturing 
process is carried out once again to form another lens. 

20 As described above, according to the lens forming 

method of the present embodiment, by making the outside 
diameter of the optical material 5 be the same as the outside 
diameter of the trunk part 2a of the upper mold 2 and the 
trunk part 3a of the lower mold 3, movement of the optical 

25 material 5 in the sideways direction is constrained by the 

trunk mold 4. As a result, shifting of the optical material 
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5 away from the central axis O of the lens forming mold 1 
can be reliably prevented, andhence a lens of desired quality 
can be formed. Moreover, by using a spherical body as the 
optical material 5, it becomes easy for the optical material 
5 5 to be filled into the concave transfer surfaces 2c and 

3c provided on the upper mold 2 and the lower mold 3 
respectively without gaps being formed, and hence a lens 
having convex optical surfaces can be formed reliably. 

O (Second embodiment) 

O 

ffi 10 A description will now be given of the lens forming 

w 

=B method according to a second embodiment of the present 

o 

O invention. 

O Fig. 2 is a drawing explaining the lens forming method 

III 

lU according to the second embodiment of the present invention . 

SI 

Q 15 Before the lens forming method is described, a description 

lU 

will be given of the lens forming mold 21 and the optical 
material 25 used in the lens forming. The differences to 
the first embodiment are the shape of the transfer surfaces 
of the upper mold and the lower mold, and the shape of the 

20 optical material. 

As shown in Fig. 2, the lens f ormingmold 21 is composed 
of an upper mold 22, a lower mold 23 positioned below the 
upper mold 22, and a trunk mold 4 that constrains the outer 
peripheries of the upper mold 22 and the lower mold 23. 

25 At a lower end of the upper mold 22 is provided a convex 

transfer surface 22c for pressing against an upper surface 
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of the optical material 25 and hence forming a concave optical 
surface. 

Moreover, at an upper end of the lower mold 23 is 
provided a convex transfer surface 23c for pressing against 
5 a lower surface of the optical material 25 and hence forming 

a concave optical surface. 

A disk-shaped optical material 25 is used. The outside 
diameter of the optical material 25 is made to be the same 

O as the outside diameter of the trunk part 2a of the lapper 

O 

m 10 mold 22 and the trunk part 3a of the lower mold 23. 

W 

=p A description will now be given of the lens forming 

O 

O method. 

Q First, in an insertion step, with the lower mold 23 

jil inserted into the trunk mold 4, the optical material 25 is 

Q 15 placed on the transfer surface 23c provided at the upper 

endof the lower mold 23, and then the upper mold 22 is inserted 
into the trunk mold 4 . In the present embodiment, because 
the outside diameter of the optical material 25 is the same 
as the outside diameter of the trunk part 2a of the upper 
20 mold 22 and the trunk part 3a of the lower mold 23, movement 

of the optical material 25 in the sideways direction is 
constrained by the trunk mold 4. Shifting of the optical 
material 25 away from the central axis 0 of the lens forming 
mold 21 is thus reliably prevented. 
25 Next, in a heating step, the lens forming mold 21 is 

heated such that the temperature of the optical material 
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25 becomes at least the transition temperature thereof. Then, 
in a compressing step, pressure is applied to one or both 
of the upper mold 22 and the lower mold 23, thus compressing 
the optical material 25 and hence forming a lens having 
concave optical surfaces. At this time, because the optical 
material 25 is disk-shaped, the optical material 25 is filled 
around the transfer surface 22c provided on the upper mold 
22 from the center of the transfer surface 22c outwards, 
and is filled around the transfer surface 23c provided on 
the lower mold 23 from the center of the transfer surface 
23c outwards. The lens having concave optical surfaces can 
thus be formed reliably without gaps being formed between 
the transfer surface and the optical material 5. 

Next, in a cooling step, cooling is carried out, and 
then in a removal step the upper mold 22 is taken out and 
the formed lens is removed. The lens foririing mold 21 is then 
taken back to the insertion step, and the manufacturing 
process is carried out once again to form another lens. 

As described above, according to the lens forming 
method of the present embodiment, by making the outside 
diameter of the optical material 25 be the same as the outside 
diameter of the trunk part 2a of the upper mold 22 and the 
trunk part 3a of the lower mold 23, movement of the optical 
material 25 in the sideways direction is constrained by the 
trunk mold 4. As a result, shifting of the optical material 
25 away from the central axis O of the lens forming mold 
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21 can be reliably prevented, and hence a lens of desired 
quality can be formed. Moreover, by using a disk-shaped 
optical material 25, it becomes easy for the optical material 
25 to be filled around the convex transfer surfaces 22c and 
5 23c provided on the upper mold 22 and the lower mold 23 

respectively without gaps being formed, and hence a lens 
having concave optical surfaces can be formed reliably. 
(Third embodiment) 
p A description will now be given of the lens forming 

jXI 10 method according to a third embodiment of the present 

=|t invention. 

O In the first and second embodiments, the lens forming 

p method was described for the case that the outside diameter 

111 

PJ of the optical material is the same as the outside diameter 

O of the upper mold and the lower mold. In the lens forming 

III 

method according to the present embodiment, however, the 
outside diameter of the optical material is greater than 
or equal to 95% but less than 100% of the outside diameter 
of the upper mold and the lower mold. 

20 Even in this case, almost the same effects can be 

obtained as in the lens forming method according to the first 
and second embodiments. That is, movement of the optical 
material in the sideways direction is constrained by the 
trunk mold, and hence when the optical material is placed 

25 between the upper mold and the lower mold, shifting of the 

optical material away from the central axis of the lens 
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forming mold can be prevented, and hence a lens of desired • 
quality can be formed. 

A description will now be given of the results when 
lenses were formed using the lens forming method according 
5 to the present embodiment. The outside diameter of the upper 

mold and the lower mold of the lens forming mold used in 
the lens forming was 14mm. Moreover, a spherical optical 
. material was used, 
g Firstly, as examples of the lens forming method 

ill 10 according to the present embodiment, lens forming was carried 

W 

»P out with the outside diameter of the optical material being 

Q 

O 98% (13.8mm) and 95% {13.4mm) of the outside diameter of 

O the upper mold and the lower mold. The results were that 

III 

111 the state of foming of the lens was extremely good in the 

SI 

r|15 case of 98% (13.8mm), and satisfactory in the case of 95% 

m 

(13.4mm) . 

Next, as comparative examples, lens forming was 
carried out with the outside diameter of the optical material 
being 89% (12.5mm) and 85% (12.0mm) of the outside diameter 

20 of the upper mold and the lower mold. The results were that 

the state of forming of the lens was unsatisfactory in the 
case of both 89% (12.5mm) and 85% (12.0mm). 

It can thus be seen that the lens forming can be carried 
out satisfactorily if the outside diameter of the optical 

25 material is 95% to 100% of the outside diameter of the upper 

mold and the lower mold. 
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From the invention thus described, it will be obvious 
that the embodiments of the invention may be varied in many 
ways . Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended for inclusion within the scope of the following 
claims . 
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